A confocal scanner for selective observation of the vertical particle tracks in the nuclear photoemulsion is described. The particle track being searched for is imaging at an angle of 45
INTRODUCTION
Theˇrst meso-optical microscope for selective observation of the vertical particle tracks in the nuclear photoemulsion was described in [1] . The scanning operation along depth coordinate has been completely eliminated in this microscope.
To suppress the noise from side-lobes of the light diffraction, a confocal meso-optical microscope has been proposed [2] . Its illuminating zone had the form of narrow ®fensō riented parallel to the optical axis of the system. The productivity of this microscope was estimated to be 10 2 times higher than that in the traditional optical microscope with z-scanning operation. To ameliorate the signal-to-noise ratio of this microscope, there were proposed some new variants of the meso-optical condenser [3] .
The principle of the dark-ˇeld confocal scanning microscope for selective observation of the vertical particle tracks in the nuclear photoemulsion was described in [4] . The construction of this microscope, built on the basis of the two-dimensional measurement microscope, has been presented. The experimental testing of this microscope has been made at high surface density of the vertical particle tracks in the nuclear photoemulsion. The dark-ˇeld images of the vertical particle tracks are seen as bright signals on the dark background.
The depth of the photoemulsion layer was equal to 200 μm, the width of the illuminating zone was equal to 6 μm, and the transfer dimension of the illuminating volume was equal to 250 μm. Fig. 1 . The results of the experimental testing of the dark-ˇeld confocal scanning microscope for selective observation of the vertical particle tracks [4] . a) Signals of four particle tracks inside the illuminating zone of 6 μm width. b) The cross section of the same region
The results of the experimental testing are shown in Fig. 1 for micro-objective ×8.0/0.16. The signals of four vertical particles tracks are shown as dark spots on the white background. These signals were calculated from the information presented in [4] in the numerical form. The signal-to-noise ratio was equal to 52 : 1.
Meanwhile the vertical particle tracks observed in the experiment [4] were oriented at the angle θ = 8.5
• with respect to the vertical axis of the system. So the real vertical particle tracks were illuminated partially only over the length 40 μm instead of 200 μm. On taking into account this fact, we may estimate the signal-to-noise ratio for ®pure¯vertical particle tracks as 250 : 1.
By rejecting the cliche of the universal stereotypic approaches to the imaging of the objects, it was found that the confocal scanner described in this paper does suit extremely well to see very narrow class of objects such as practically parallel vertical particle tracks in the nuclear photoemulsion with small number of silver grains (< 20).
The confocal scanner is provided with a new optical element, ®image orthogonalizator¯, which accomplishes the rotation of the extended image of the inclined vertical particle track, produced by the conventional lens, through an angle of 90
• . Due to this, our confocal scanner has no depth scanning device and in spite of this it sees in focus the whole vertical particle track which was inclined at an angle of 45
• with respect to the optical axis of the system.
Our confocal scanner has no imaging microobjective, no system of z-scanning, no CCD (charge-coupled device) pick-up system and no computer with its correlation programs for searching of the real vertical particle track in the nuclear photoemulsion. Instead of this the confocal scanner is provided with a pick-up device, which generates one-dimensional signal of time. The stereoscopic version of the confocal scanner is described in this paper as well.
CONFOCAL SCANNER FOR VERTICAL PARTICLE TRACKS IN THE NUCLEAR PHOTOEMULSION
The principal scheme of the confocal scanner is shown in Fig. 2 . The main feature of this confocal scanner is that the vertical particle track, going along the optical axis of the whole system, is oriented at an angle of 45
• with respect to the axis of the imaging system. Due to this we can see simultaneously all elements of this vertical particle track. The optical system is provided with one conventional positive lens, which accomplishes in fact a central projection of very small object volume. The focus length of this lens is equal to 16 mm, which is much larger than in the traditional micro-objective of the optical microscope. The imaging of the particle track, oriented at an angle of 45
• with respect to the optical axis, creates extremely complex problems. Namely, the length of the extended image, produced by a such system, will be equal to
where M is the linear magniˇcation of the lens L 1 . For M = 20 we have Δ 2 = 80 mm. So we cannot see in focus simultaneously the extended image of inclined vertical particle track. In our confocal scanner this problem has been resolved by means of the new optical element, ®image orthogonalizator¯, shown in Fig. 3 . Each element of the extended image over the length 80 mm is rotated as a whole by this optical element through an angle of 90
• . As this rotation is accomplished at all elements of the extended image, we do see simultaneously all elements of the vertical particle track in focus. The calculations and the results of direct measurements have shown that the focus of the imaging parts of the inclined particle track produces a pure plane without any sagging, if the linear magniˇcation M of the lens L 1 will be more than 10.
After this rotation operation we collect the light from all parts of the extended image of the inclined vertical particle track by means of the positive lens L 4 and direct it into the point-like photodiode PhD. Thus we get one-dimensional signal of time at the output of the confocal scanner.
The distance from the lens L 1 to the central part of the extended image of the vertical particle track is equal to
For f = 16 mm and M = 20 we have 2 ≈ (300 ± 40) mm. To reduce the distance 2 , we use Newton monocular with two lenses L 2 and L 3 .
ON-LINE DIFFERENTIATION OF THE OUTPUT SIGNALS
To increase the signal-to-noise ratio in the confocal scanner, we accomplish on-line differentiation of the output signals. So we detect the differences
This on-line operation increases the signal-to-noise ratio k times, where
and N is the total number of the noise silver grains inside the illuminating zone. So, for N ∼ 100, we get k ≈ 10. 
STEREOSCOPIC CONFOCAL SCANNER FOR VERTICAL PARTICLE TRACKS
A stereoscopic version of the confocal scanner can in principal additionally increase the signal-to-noise ratio. In this version we observe two images of the same vertical particle track along two stereoscopic axes (Fig. 4) .
Along the left stereoscopic axis, L, we see the vertical particle track inclined at an angle of −45
• and along the right stereoscopic axis, R, we see the same vertical particle track inclined at an angle of +45
• with respect to the central axis. In the stereoscopic version of the confocal scanner we have two ®image orthogonalizators¯. So we send two output signals after the time differentiations into the AND electronic coincidence as shown in Fig. 5 . 
PRODUCTIVITY OF THE CONFOCAL SCANNER
Now let us estimate the productivity of our confocal scanner, which works as a wide-row drill. We suppose that the resulting signal-to-noise ratio, increased by the methods described above, allows one to take a scanning zone of width 2 mm. So the number of the nonstop scanning of the plate 50 × 50 mm will be equal to 25. Each passage with linear velocity of 10 mm/s will last 5 s. The total working passage time of the whole plate will be equal to 125 s. On accounting for the free-running time we can accomplish the whole scanning in about 180 s.
To get the complete information about the vertical particle tracks we must accomplish the scanning of our plate twice: along x and along y axes. So we need for all scanning operations about 360 s ≈ 6 min. The clock frequency of the electronic circuit for this rate will be equal to 10 4 Hz.
CONCLUSIONS
1. The vertical particle track, being searched for, is inclined at an angle of 45
• with respect to the optical axis.
2. Our confocal scanner is equipped with the new optical element, ®image orthogonalizator¯, which rotates the extended image of the inclined vertical particle track through an angle of 90
• . 3. It is shown that the focus of the imaging parts of the inclined particle track forms a plane without any sagging, if the linear magniˇcation M of the main imaging lens L 1 is more than 10.
4. The signal at the output of the confocal scanner has the form of one-dimensional signal of time.
5. The on-line differentiation of this output signal increases the signal-to-noise ratio √ N times, where N is the number of the noise silver grains inside the illuminating zone of 2 μm width.
6. A stereoscopic version of the confocal scanner for vertical particle tracks is presented. In this system we observe two images of the same vertical particle track along two stereoscopic axes. The signal-to-noise ratio in the stereoscopic confocal scanner may be higher than that in the mono confocal scanner.
